Preparation of 9-Hydroxy Grayanotoxin Derivatives and Their Acute Toxicity in Mice
, d: 5.48 ppm, 2H.s). 13 C-NMR spectrum indicated three tertiary hydroxy groups at C 5 , C 9 and C 16 (d: 83.6, 78.8, 81.4 ppm), and three secondary hydroxy groups at C 3 , C 6 and C 14 (d: 81.6, 69.2, 81.4 ppm). The 1 H-and 13 C-NMR signals of 7 were assigned based on 13 C-1 H correlation spectroscopy (C-H COSY), distortionless enhancement by polarization transfer (DEPT) and comparison with spectra of known derivatives.
The other product, 8, also showed an M ϩ peak on MS at m/z 368 (C 20 H 32 O 6 ), and 1 H-NMR spectra indicated the presence of three tertiary methyl groups (d: 1.13, 1.48, 1.79 ppm), and an olefinic methyl groups (d: 1.94 ppm, C 20 -H 3 ). The 13 C-NMR spectrum suggested three tertiary hydroxy groups at C 5 , C 9 and C 16 (d: 80.5, 80.7, 82.0 ppm), and three secondary hydroxy groups at C 3 , C 6 and C 14 (d: 80.9, 73.2, 85.7 ppm). We then studied the X-ray crystallography data for compound 7 in order to clarify the ring conformation around the C 9 atom. The stereo structure of the 7 was desired and is shown in Chart 1 and Fig. 2 . GTX-II 3,6,14,16-tetraacetate (9) was prepared by acetylation of GTX-II (5) with acetic anhydride-pyridine by the usual procedure. Oxidation of the tetraacetate (9) in dioxane-water at room temperature using selenium dioxide and H 2 O 2 as an oxidant gave 9b-hydroxy-GTX-II-3,6,14,16-tetra-O-acetate (10) . Hydration of 10 with 5%-KOH gave 9b-hydroxy-GTX-II (11) . The product, 11 (C 20 H 32 O 6 , mp 215-216°C) gave a H-NMR spectrum of 13 indicated three tertiary methyl groups and a secondary methyl groups (d: 1.47 ppm, 3H, s, Jϭ15.9 Hz). The 13 C-NMR spectrum suggested three tertiary hydroxy groups at C 5 , C 16 and C 9 (d: 87.6, 78.8, 76.8 ppm), and three secondary hydroxy groups at C 3 , C 6 and C 14 (d: 82.0, 73.9, 79.7 ppm).
Results and Discussion
Acute Toxicity Thirty six mice of the ICR strain (body weight: 27.1-32.4 g) were injected intraperitoneally with a single dose of GTX-II (5), 9a-hydroxy-GTX-II (7), 9b-hydroxy-GTX-II (11), dihydro GTX-II (12) and 9b-hydroxy-dihydro-GTX-II (13) , and toxic signs and mortality were recorded continuously for 2 h, then twice daily (in the morning and evening) for the following 2 d. Toxic signs consisted of sedation, ptosis and piloerection were observed immediately after dosing in all mice treated with 5, 7, 11, 12 and 13. Each three mice that received 10 and 100 mg/kg of GTX-II (5) died with dyspnea within 15 and 5 min after dosing respectively, following the appearance of severe toxic symptoms. Each three mice that received 40 and 100 mg/kg of 9b-hydroxy-GTX-II (11) also died within 15 min after dosing, but all mice that received 10 mg/kg of 9b-hydroxy-GTX-II (11) and dihydro GTX-II (12) recovered completely within 24 h after dosing. All three mice also survived even in the 100 mg/kg dosage group of 9a-hydroxy-GTX-II (7). Moderate sedation, ptosis and piloerection appeared for several min after the dosing were common toxic signs in surviving mice. Judging from the results of the present study ( Table 2 ) the approximate value of LD 50 was estimated to be comparable between 11 and 12 and apparently lower than that of GTX-II (5). Similarly, acute toxicity of 9b-hydroxy-GTX-II (11) and GTX-II (5) was comparable, although one animal received 10 mg/kg of 9b-hydroxy-GTX-II (11) animals survived much longer than those received 10 mg of GTX-II (5). Therefore, acute toxicity might be milder in order of 9a-hydroxy-GTX-II (7), 9b-hydroxy-GTX-II (11) and dihydro GTX-II (12), 9b-hydroxy-dihydro-GTX-II (13) and GTX-II (5). Based on these results, we can concluded that the transformation of GTX-II to 9b-dihydro-and 9a-hydroxy-GTX-II resulted slight and marked reduction of acute toxicity, respectively.
Experimental
All melting points (mps) are uncorrected. IR spectra were measured with a Shimadzu IR-430 instrument.
1 H-and 13 C-NMR were measured on a Unity-300 (Varian Co.) spectrometer in CDCl 3 or pyridine-d 5 , using tetramethylsilane (TMS) as an internal standard. The 1 H-and 13 C-NMR signals of each derivatives were assigned DEPT, 1 H-1 H correlation spectroscopy (H-H COSY), 13 C-1 H correlation spectroscopy (C-H COSY) and by comparison with spectra of known derivatives. HR mass spectra were obtained with a Nihondenshi Co. mass spectrometer (JMS-700T). 13 C-NMR data and assignment of GTX derivatives were shown in Table 1 .
9a a-Hydroxy GTX-II (7) and 3b b,5b b,6b b,9a a,14b b,15a a-Hexahydroxygrayanotoxa-D D
1(10)
-ene (8) Air was passed through a solution of iso-GTX-II (600 mg, 1.70 mmol) and Rose Bengal (2 mg) in methanol (10 ml) under irradiation by UV light at 25°C for 1.5 h. The mixture was treated with 5%-KOH soln. and active carbon, and the solvent was evaporated to give 360 mg of products mixture, 7 and 8. The mixture was purified by silica gel (Wakogel C-300) column chromatography. Gradient elution with ethyl acetate from chloroform-ethyl acetate gave 7 (110 mg, 18%) and 8 (85 mg, 14% 9b b-Hydroxy-GTX-II-3,6,14,16-tetra-O-acetate (10) To a solution of GTX-II-tetraacetate (9) (500 mg) in 10 ml dioxane and 1 ml water, SeO 2 (40 mg) and 36%-H 2 O 2 (1 ml) were added, and the solution was stirred at room temperature for 1 week. The mixture was concentrated and extracted with ethyl acetate. The combined ethyl acetate layer was dried over anhydrous Na 2 SO 4 and evaporated to give oily products mixture. The products mixture was purified by silica gel (Wakogel C-300) column chromatography. Elution with hexane-ethyl acetate (4 : 3) and crystallization gave 160 mg (31%) of 9b-hydroxy-GTX-II-tetraacetate (10) 9b b-Hydroxy-GTX-II (11) To a solution of the tetraacetate (10) (350 mg) in methanol (10 ml), 5%-KOH soln. (5 ml) was added, and the solution was stirred at room temperature for 24 h. The mixture was neutralized with dil. HCl and extracted with ethyl acetate. The combined ethyl acetate layers were washed with water, and dried over anhydrous Na 2 SO 4 and evaporated to give crude 11 (205 mg, 85% 3 .87 (1H, m, C 3 -H), 4.27 (1H, s, C 14 -H), 4.39 (1H, dd, Jϭ6.9, 9.0 Hz, C 6 -H).
X-Ray Crystallographic Analysis A crystal, 9) 9a-hydroxy-GTX-II (7), used for X-ray crystallographic analysis, was obtained by slow evaporation from an ethyl acetate solution at room temperature. X-ray diffraction data of the crystal were collected on a Rigaku AFC-5R diffractometer with graphite monochromated CuKa radiation and a rotating anode generator. Of the 1739 reflections which were collected, 1716 were unique (R int ϭ0.000). The intensities of three representative reflections were measured after every 150 reflections. The structure was solved by direct methods using the SHELX97 program, 10) and all the computations were carried out on the teXan crystallographic soft ware package. 11) Final R-factors were Rϭ0.056, R W ϭ0.111. The atomic scattering factors used for non-hydrogen atoms were taken from the International Table  12 ) and for hydrogen atoms from a reference. 13) 
